Multiple studies demonstrate an increased cardiovascular (CV) risk associated with RA compared with the general population. While part of this risk appears to be mediated by RA-specific factors, such as longterm inflammation, traditional CV comorbidities also play an important role. We review evidence from previous studies of the relationship between RA and traditional CV comorbidities such as dyslipidaemia, obesity, insulin resistance and diabetes, hypertension, cigarette smoking and physical inactivity. We examine the prevalence and consider the effect of inflammation and RA treatments on these risk factors. Finally, we discuss three widely used CV risk estimators, the Framingham Risk Score, Reynolds Risk Score and the Systematic Coronary Risk Evaluation, and their performance in patients with RA. The traditional CV risk factors that appear to differ significantly between RA cases and controls include insulin resistance, abnormal fat distribution, cigarette smoking and lack of physical activity. Dyslipidaemia, diabetes and hypertension may also be elevated in RA; however, the evidence is conflicting. Overall, we found that the majority of information regarding CV risk factors in RA stems from data collected as covariates for studies on CV disease. A gap in knowledge exists regarding detailed information on individual risk factors in RA, their prevalence and modifications that occur as a result of inflammation or treatment. More studies are needed to develop methods for accurate CV risk estimation in RA.
Introduction

Illustrative case
We present a hypothetical patient, a 53-year-old man with hypertension and seropositive erosive RA diagnosed 6 years ago. His father died from sudden cardiac death at the age of 58. He has a total cholesterol (Tchol) level of 230 mg/dl (5.95 mmol/l), high density lipoprotein (HDL) level of 45 mg/dl (1.16 mmol/l) and a low density lipoprotein (LDL) level of 128 mg/dl (3.31 mmol/l). He does not smoke but has hypertension with a systolic blood pressure (BP) of 137 mmHg (on anti-hypertensive medication).
The hypothetical patient has traditional cardiovascular disease (CVD) risk factors in addition to RA. Would you recommend that he start an HMG-CoA reductase inhibitor (statin) therapy?
The inflammation associated with RA increases risk beyond what is explained by traditional CVD risk factors [14] , but the excess risk is not accounted for by current methods of cardiovascular (CV) risk stratification. In this review, we provide an overview of the prevalence and the impact of traditional CVD risk factors among RA patients, focusing on dyslipidaemia, insulin resistance (IR) and diabetes, hypertension, obesity, smoking and physical inactivity. One of the challenges of studying the contributions of traditional CV risk factors in RA is that the factors themselves can be simultaneously affected by inflammation and treatments for RA. In areas where sufficient data are available, we will examine how inflammation and treatment modify CV risk factors. We conclude by discussing current strategies for estimating CV risk among RA patients and identifying gaps in the knowledge.
Dyslipidaemia
Cholesterol, particularly LDL, drives formation of fatty streaks in the coronary arteries that can grow over time into flow-limiting atherosclerotic plaques [5] . These plaques can rupture and cause thrombosis, leading to blockage of the coronary arteries, resulting in a myocardial infarction (MI). Despite higher risk of CVD in RA than the general population, the prevalence of dyslipidaemia (roughly defined by high levels of LDL and Tchol and low levels of HDL according to ATP III guidelines [6] ) does not appear to differ significantly between RA cases and controls [3, 7] . Dyslipidaemia in one study conferred a risk for CV in RA cases similar to that in controls [3] .
The differences in lipid profiles between RA cases and controls appear to occur as a result of treatment and levels of inflammation. We will focus on three types of cholesterol that have been tightly linked to CV risk [8] : Tchol, LDL and HDL. Two studies conducted on patients before their RA diagnosis, provide insight on lipid profiles before RA treatment. One cross-sectional study conducted on blood bank samples in RA patients before their diagnosis found unfavourable atherogenic profiles (Tchol/HDL), with a higher Tchol and lower HDL than their age-and gender-matched controls [9] . A second retrospective population-based RA casecontrol study found the opposite effect, where Tchol was lower in RA cases than in controls. In addition, the latter study found that LDL was lower in RA cases compared with controls. Furthermore, the investigators found that that LDL levels decreased significantly in the 5 years before RA diagnosis [10] . However, these lower levels of Tchol and LDL resulted in a paradoxically higher risk for CVD [11] .
The majority of lipid studies in RA populations focus on changes in lipid profiles as a result of RA treatment. Of the RA treatments, tumour necrosis factor (TNF) blockade and tocilizumab appear to have the strongest association with changes in lipid levels. TNF blockers appear to elevate Tchol and HDL levels but not affect LDL levels [12] . The effect of TNF blockers on both Tchol and HDL resulted in a stable atherogenic profile (Tchol/HDL) [1322] . Notably, changes in lipid profiles appear to occur mainly in RA treatment responders, with minimal changes in non-responders, suggesting that reduced inflammation, not a specific treatment, mediated changes in lipid levels [19, 23] . Tocilizumab, a humanized antibody that targets the IL-6 receptor, elevates LDL and Tchol [24] . However, the impact of these changes on CVD risk is unclear and a subject of current studies [25, 26] . The effects of DMARDs other than TNF and IL-6 R blockers on lipid profiles in RA are less studied. MTX does not appear to alter lipid profiles independent of inflammation [27], whereas there is some evidence that hydroxycholoroquine improves atherogenic profiles in RA [28, 29] .
Inflammation alters lipid levels and lipid function. RA treatment studies that monitor changes in cholesterol levels provide data on how inflammation may modify levels. In RA, disease activity levels appear to be inversely related to HDL levels [16, 17, 21] . One study of untreated RA patients >60 years compared with a non-RA control population found that RA patients had had significantly lower HDL levels than controls [30] . HDL in inflammatory states has been shown to undergo modification to a pro-inflammatory particle, which can lead to accelerated atherosclerosis [31, 32] . No clear association has been observed between levels of inflammation in RA and LDL levels [16, 17, 21, 30] .
Conventional therapy with statins is effective for targeting LDL in RA patients. A randomized placebo-controlled trial of 6 months of statin therapy in RA demonstrated significantly reduced Tchol and LDL levels [33] . This study also demonstrated that subjects in the statin-treated group experienced significant decreases in disease activity and inflammatory markers (CRP and ESR). These findings suggest that statins when used in RA improve CV risk through both lipid lowering and a modest anti-inflammatory effect.
Insulin resistance and diabetes
There are strong epidemiological data supporting the association between RA and IR. We will first review the literature about RA and IR and then RA and diabetes mellitus (DM). In many studies, the homeostatic model assessment (HOMA) calculation is used to quantify insulin resistance (HOMA-IR) [34] . Among 124 subjects with RA, one study found that 54% had evidence of IR as measured by HOMA-IR [35] , whereas general population estimates for IR are 4045% [36] . In a study of HOMA-IR in RA versus controls, all had co-existing thyroid disease, RA subjects had a HOMA-IR of 1.65 compared with 1.16 in controls (P = 0.031) [37] .
Two cross-sectional studies have examined the relationship between IR and inflammation in RA. A comparison of RA patients with low-and high-grade inflammation found that the HOMA-IR was significantly higher in patients with high-grade inflammation [38] . Strong predictors of HOMA-IR included CRP, ESR and waist circumference but not current steroid dose. Another cross-sectional study found that CRP, IL-6 and TNFa were significantly associated with HOMA-IR in subjects with RA [35] ; there was also a trend towards higher HOMA-IR associated with cumulative steroid dosage.
Previous studies of the association between RA and DM are not as clear. At least five studies have found a positive association. In one study using a large administrative database from Canada, subjects with RA were found to have a 50% [95% confidence interval (CI) 1.4, 1.5] increase in the risk of DM, even after controlling for glucocorticoid use [39] . These findings replicate an earlier administrative database study that found a 40% (95% CI 1.3, 1.4) increase in DM associated with RA [40] . Several other studies found an increased prevalence of DM in RA [4143] . Finally, a population-based study found an increase in the risk of DM associated with RA [odds ratio (OR) 1.3], but the number of events was small and the CI spanned 1 [44] . However, several studies found no association. One study examined DM in RA and found a strong relationship with DM overall, but this was only significant for type 1 DM (OR 4.9, 95% CI 1.8, 13) and not type 2 DM (OR 1.1, 95% CI 0.7, 1.6) [45] . At least two other studies not directly examining DM risk, but instead focused on CVD endpoints, found no difference in the prevalence of DM among RA compared with the non-RA subjects [3, 46] .
The data regarding immunosuppressives' effect on IR in RA is conflicting. Three research groups investigated the effect of TNF blockade on IR. A study of 45 patients starting infliximab found no reduction in IR for 6 months, but did find a reduction in the group with the highest IR at baseline [47] . A study investigating adalimumab found no reduction in IR among the nine patients with RA [48] . A third study enrolled 19 patients with RA and treated them with 14 weeks of infliximab, and found that IR improved after infliximab treatment [20] . Another recent study of 11 patients with rheumatoid diseases found that tocilizumab produced a significant drop in HOMA-IR; however, many details are omitted in this article [49] . In a small study of 22 RA subjects, 14 patients who started MTX had a decrease in HOMA-IR during the first 8 weeks [43] .
RA treatments have also been associated with reduced risk of diabetes in RA patients. In a large administrative database study, TNFa blockers and HCQ reduced the risk of future DM compared with other non-biologic DMARDs by 3050% [50] . This work confirmed an earlier study demonstrating a reduced risk of DM in an RA cohort using HCQ [51] .
Obesity
According to the Centers for Disease Control in the United States, the prevalence of obesity is estimated to be 54% higher in individuals with arthritis than those without [52] . According to the World Health Organization, individuals with a BMI of 530 kg/m 2 are considered obese, with a lower cutpoint of 25 kg/m 2 for Asians [53] . Whether individuals with RA have a higher BMI compared with the general population varies between studies [1, 3, 54] . A study that compared the magnitude of effect for individual CV risk factors in RA cases compared with controls, found that obesity had a similar effect on CV risk in RA as in controls [3] . BMI was developed as a clinically measurable proxy for body fat percentage [55] . Bioelectrical impedence studies, which allow for the characterization of actual body fat composition demonstrate that RA patients have more body fat for a given BMI than healthy controls [56] . A study using abdominal CT scans revealed that male RA patients had more visceral fat compared with controls, and female RA patients had more s.c. fat than controls with similar BMI and waist circumference [57] . Together these findings suggest that using BMI may underestimate body fat composition in RA versus controls, leading to an underestimation of CVD risk in RA.
Obesity itself is believed to contribute to low-grade inflammation, as adipose tissue has been found to release pro-inflammatory cytokines such as IL-6 and adiponectin [5860] . In the general population, a higher BMI is associated with elevated CRP levels [61] , which in turn are associated with increased CVD risk [62] . In RA, abnormal body fat composition is also associated with higher CRP levels and more severe RA [63, 64] .
Hypertension
Previous studies that have assessed the prevalence of hypertension in RA in the context of studies of CVD do not suggest a clear increase in risk compared with non-RA controls. One meta-analysis that included 7 RA casecontrol studies found no clear increase in the prevalence of hypertension in RA cases compared with controls [7] . However, a number of other studies that included hypertension as a baseline covariate have found an increased prevalence of hypertension in RA or higher BPs [65] . To date, there has been no longitudinal study of the relative risk of hypertension in RA compared with controls. Hypertension as a risk factor was found to have a relatively similar contribution to CV risk in RA as in the general population [3] .
Several studies have examined arterial wall pliability in RA compared with controls, and all have found increased stiffness associated with RA [66] . These studies have generally matched on BP. So, while we cannot determine the risk of hypertension in RA versus controls from these studies, it appears that the ability of the arterial system to respond to changes in blood volume is diminished in RA.
Currently available disease modifying anti-rheumatic drugs do not seem to have substantial effects on BP; however, several agents being tested appear to raise BP [67] . Also, NSAID (selective and non-selective) and glucocorticoids are known to raise BP [6871] . In some patients, these agents cause clinically significant hypertension requiring treatment.
Cigarette smoking
Smoking is the strongest known environmental risk factor for RA [72, 73] . Despite decreasing prevalence of smoking in the general population, it remains one of the largest modifiable risk factors for CVD [74] . The prevalence of cigarette smoking appears to be higher in RA cases as was found in a recent meta-analysis (OR 1.56, 95% CI 1.34, 1.80) [7] . Three studies not included in the meta-analysis also found a higher prevalence of current and past smokers in RA cases compared with controls [3, 4, 75] .
A study assessing the relative contribution of cigarette smoking to risk of CVD in a population-based RA case-control study found that current smoking status contributed to CV risk, but its contribution to overall CV risk was significantly less in RA cases than controls [3] . Cigarette smoking is also associated with increased severity of RA particularly in men with seropositive disease [76, 77] .
Physical activity
Physical activity is an integral component of lifestyle modification to decrease CV risk. A small questionnaire-based study found that RA patients were significantly less physically active than population-based controls [78] . Another www.rheumatology.oxfordjournals.org small prospective study found that RA patients expend similar levels of energy than non-RA controls [79] . However, when actual activities were compared in the study, RA cases walked significantly less than controls. As in the general population, RA patients who are physically inactive have a worse CV risk profile, i.e. higher BP, higher Tchol and LDL than those who are active [80] . Exercise interventions have been proven to help maintain and even improve functional status in RA patients [81] and would likely be of great benefit for CV risk as well.
Potential strategies for estimating CV risk
The accurate estimation of CV risk among RA patients remains an area of active investigation. Currently, for the general population, the two methods for estimating CV risk are the Framingham Risk Score (FRS) [82] and the Reynolds Risk Score (RRS) [62] (Table 1 ). The FRS incorporates traditional risk factors above such as age, gender and Tchol levels to estimate the 10-year risk for a coronary event. The RRS takes into account the added risk of inflammation as measured by high-sensitivity CRP (hsCRP) and estimates 10-year risk for a coronary event or stroke. In Europe, the Systematic Coronary Risk Evaluation (SCORE) is widely used to determine 10-year risk of fatal CVD [83] (Table 1) .
Can these risk scores be applied to patients with RA? Although there is evidence that a higher FRS is associated with higher CV risk in RA [84] , both FRS and SCORE include only traditional CV risk factors (not inflammatory markers); thus, they would underestimate CV risk in RA.
Data from several studies demonstrate that traditional risk factors account for only a portion of the overall risk for CVD in RA, with the additional risk attributed to inflammation [13] . A recent population-based cohort study quantified the degree of underestimation by FRS and found that observed CV rates in female RA patients were roughly 50% higher than predicted by FRS [85] .
The RRS, which incorporates inflammation into the score, may also be a poor estimator for CV risk because it was calibrated on a population where the mean hsCRP was 2.0 mg/l, well below that of the average RA patient. As an example, the mean hsCRP was 9.7 mg/l in the Brigham Rheumatoid Arthritis Sequential Study [86] , a prospective cohort of 1100 treated RA patients, which is consistent with other established RA cohorts. As CRP can change dramatically in RA due to disease flares and treatment, it is also unclear how well CRP at one time point would inform CV risk. In addition, significant interactions between CV risk factors and level of inflammation would not be accounted for by the RRS. In a study that used carotid intima media thickness (cIMT) as a surrogate for CV risk, patients with the highest number of CV risk factors and highest levels of the ESR had higher cIMT than would be expected by adding cIMT measures from each factor alone [87] . Indeed, one study found that RRS underestimated CV risk, similar to FRS, despite inclusion of CRP into the risk calculator [85] .
The European League Against Rheumatism (EULAR) convened an expert panel to provide recommendations on how to improve CV risk estimation in RA. Based on relatively low quality evidence, EULAR recommends a multiplier of 1.5 for FRS or SCORE if a patient has 2 or more of the following: RA disease duration >10 years, RF or antibodies to citrullinated peptide antibodies, or extra-articular manifestations [88] . This multiplier has not undergone validation.
Conclusion
Returning to our hypothetical patient, who has a Tchol of 230 mg/dl, HDL 45 mg/dl, LDL 128 mg/dl, is a non-smoker and has a systolic BP of 137 mmHg (on anti-hypertensive medication), according to FRS he has a 10% chance of MI or death due to coronary disease in the next 10 years (Table 2) . His CRP at his last visit was 15 mg/dl. Thus, according to the RRS, his 10-year risk for CVD was 13%. Assuming he is in a high-risk European country (i.e. England), his risk of 10-year CVD mortality based on the SCORE is 3% (Table 2) . Applying the EULAR-recommended multiplier to FRS would increase his risk to 15%. If we applied the Adult Treatment Panel III guidelines [6] (which provide LDL targets for statin therapy) to FRS (with or without the multiplier) and RRS, the patient would not require additional treatment intervention for his LDL level. However, given his strong family history of cardiac disease and longstanding RA, many might consider adding a statin to his regimen. However, evidence supporting this consideration is lacking. This hypothetical case illustrates the need for the development of a data-driven method to estimate CV risk validated for patients with RA.
In summary, the CV risk factors IR, fat mass distribution, physical activity and smoking very likely have a higher prevalence in RA cases than controls. There may be elevations in the prevalence of dyslipidaemia, diabetes and hypertension but the evidence around these CV comorbidities is conflicting. Studies have demonstrated that the inflammation and treatment associated with RA can modify the levels and change the nature of how CVD risk is conferred compared with the general population. Thus, we suggest reframing the typical conceptual model of CV risk in RA. Rather than thinking of traditional risk factors and inflammation separately (Fig. 1A) , to accurately describe CV risk, we must consider traditional risk factors and how they may be modified by inflammation without clear separation between the two groups (Fig. 1B) . Finally, accurately estimating CV risk remains a challenge in RA, and more work is needed with focused study on each CV risk factor and improved CV risk estimation to help inform our decisions for primary and secondary prevention of CVD in our RA patients.
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